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Abstract. This paper describes the integration of Electrical Circuit Analysis 
and Technical English in the same curricular module, in the context of a 
Project Based Learning (PBL) environment. The idea consists in taking 
advantage of the PBL setting to provide a context for the learning of the two 
different subjects in an articulated manner. The results of the evaluation of the 
first iteration of this experiment will also be discussed. 
 
1. Introduction 
The technology programmes offered by the Higher Polytechnic School of Águeda 
(ESTGA), University of Aveiro – Portugal, have been organized around projects, in a 
Project Based Learning (PBL) environment. The basic curricular unit consists of an 
aggregation of a project dedicated to a specific theme within the programme (Thematic 
Project) and a set of Associated Courses. This structure is called a Thematic Module 
(TM) and constitutes the basic curricular “building block”. The PBL environment has 
been on the field since 2001. During the process of formal adaptation by the Portuguese 
Higher Education system to the Bologna Process, curricular adjustments have recently 
been introduced as a result of internal evaluation. One of those developments relates to 
the introduction of a first-year Thematic Module in the Electrical Engineering 
programme, which aggregates the Thematic Project in Electrical Circuits and the 
Associate Courses of Electrical Circuit Analysis and Technical English. This new 
thematic module creates the environment for the learning of a foreign language 
contextualized by the technical content of the programme. The integration of these two 
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subjects in the same module, simultaneously providing context and tools for the learning 
of circuit analysis and technical English, will be the object of this paper. The article will 
describe ESTGA’s learning environment and then concentrate on the Electrical Circuits 
Thematic Module, its organization, learning activities and articulation between the 
Project and the two Associate Courses. The results of the evaluation of the first iteration 
of this experiment will also be discussed. 
1.1. Project-Based Learning and ESTGA’s Implementation 
In problem-based learning environments, learning is triggered by real-life problems, 
which are usually complex, multidisciplinary and open-ended, in the sense that there 
may be more than one possible solution [Savin-Baden 2000]. The learning process 
unfolds while students attempt to solve those problems, in a self-directed effort, which 
is necessarily different from a path pre-defined by the teacher. Students assume 
responsibility for their learning, thus defining their own learning needs, at their own 
pace [Boud and Feletti 1991]. This type of setting also creates the necessary 
environment for the development of personal and professional capabilities [Cowan 
1987] [Fallows and Steven 2000]: students work in small groups, plan their own tasks, 
search for information autonomously, in a context which is close to the requirements of 
the market place. 
 ESTGA currently offers two distinctly technological programmes: Electrical 
Engineering and Information Technology, both organized around the PBL paradigm. 
Figure 1. presents the curricular plan for the Electrical Engineering programme, which 
will serve as the base example for the rest of this subsection. The shaded area in the 
second semester of the programme corresponds to the Thematic Module that will be the 
object of discussion of this paper. 
 The curriculum is organized around aggregate curricular units, each 
corresponding to one important theme to be addressed by the programme. These 
aggregate units materialize into Thematic Modules, which, as described previously in 
this paper, consist of a project and a set of supporting courses. The idea behind these 
modules is to concentrate the delivery for the goal themes in the same semester, instead 
of spreading them out along the programme, as is usual in traditional engineering 
degrees. This structure follows the Aalborg model [Kjersdam and Enemark 1994] and 
besides the obvious focus on a particular subject area, allows for closer to reality 
projects. In Figure 1., the shaded areas represent TMs; courses not included in the 
shaded areas are dedicated to general complementary subjects, not directly related to any 
of the themes, and are called Autonomous Courses. 
 Following the Aalborg model, all courses are taught in four-hour blocks that can 
be organized differently according to the course or the learning needs at any stage of the 
process, thus enhancing flexibility and allowing for reorganization of the provision for 
teaching according to students’ needs. This structure also allows for a better articulation 
with the thematic projects. 
 Projects are developed in small groups of students, which are assigned a small 
physical space to meet and work. Students are also granted extended access to 
laboratories, evenings and weekends included. Each group has a supervisor for every 
project being carried out. The supervisor’s role is to facilitate students’ progression, to 
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guide without disclosing the solution, to help by asking meaningful directing questions. 
Projects are assessed through a written report and a public presentation for a jury – one 
of the members is the project supervisor. The presentation is followed by a period of 
discussion, in which students may be individually requested to answer different 
questions. It is common practice to invite individuals from other HE institutions or from 
industry to sit as members of the jury, allowing students to gain different perspectives 
on their work. Complementarily, self and peer assessment strategies are strongly advised 
and have become common practice for most projects. 
Electrical Engineering
1st Semester 2nd Semester
TP TO TP TO
M Mathematics I 80 0 8,0 M Mathematics II 60 0 6,0
F Physics 60 0 6,0 M Applied Mathematics 60 0 6,0
Ph Elements of Electromagnetism 50 0 4,0 Ph Elements of Thermodynamics 50 0 6,0
I Them. Proj.: Applied Informatics 0 20 12,0 EL Them. Proj.: Electrical Circuits 0 30 12,0
I PC: Informatics and Programming 60 0 EL PC: Circuit Analysis 50 0
MNG Project Methodologies and Management 30 0 L Technical English 40 0
  Total 30,0   Total 30,0
EL Them. Proj.: Analog Electronic Systems 0 30 12,0 EL Them. Proj.: Industrial Instrumentation 0 30 12,0
EL PC.: Semiconductors - Devices and Applications 50 0 EL PC: Industrial Electronics 50 0
EL Electronic Systems 50 0 EL Instrumentation and Measurements 50 0
GC.: Option I 50 0 6,0 GC: Option II 50 0 6,0
EL Them. Proj.: Digital Electronic Systems 0 30 12,0 EL Them. Proj.: Electrical Technology 0 30 12,0
EL PC: Microprocessors and Microcontrollers 50 0 EL PC: Electrical Machines 50 0
EL Digital Systems 40 0 EL Applied Electrotechny 50 0
  Total 30,0   Total 30,0
Branch: Electrical Installations
EL Them. Proj.: Energy Distribution and Usage 0 30 12,0 EL/ME Them. Proj.: Industrial Automation 0 30 12,0
EL PC: Energy Transport, Usage and Management 40 0 EL PC: Automation 60 0
EL Electrical Machines, Actioning and Protections 50 0 ME Hidraulics e Pneumatics 60 0
EL GC: Electrical Apparatus 40 0 4,0 GC: Option III 50 0 6,0
EL Them. Proj.: Electrical Energy Installations Project 0 60 14,0 EL Them. Proj.: Special Installations Project 0 45 12,0
EL PC: Electrical Installations I 80 0 EL PC.: Electrical Installations II 40 0
  Total 30,0   Total 30,0
Branch: Mechatronics
ME Them. Proj.: Thermodynamics and Fluid Dynamics 0 30 12,0 ME Them. Proj.: Computer Assisted Machining 0 20 10,0
ME PC: Fluid Mechanics 40 0 ME PC: Computer Assisted Production 30 0
ME Thermal Machines and Heat Transfer 50 0 ME Technical Drawing 50 0
ME GC: Materials Resistance and Mechanics 60 0 6,0 ME GC: Hidraulics e Pneumatics 60 0 4,0
ME Them. Proj.: Materials Technology and Processes 0 30 12,0 EL/ME Them. Proj.: Mechatronics Project 0 60 16,0
ME PC: Technological Processes 50 0 EL PC: Automation 60 0
ME Materials 50 0 ME Elements of Mechanical Systems 50 0
  Total 30,0   Total 30,0
Remark: Abbreviations:
The shadowed areas represent a module of a Project + Project Courses. Them. Proj.  Thematic Project
PC Project Courses
GC General Courses
TP Theoretic and Practice
TO Tutorial Orientation
TH Total Hours
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Figure 1. Curriculum Plan for the Electrical Engineering Programme 
  Once again following the Aalborg model, semesters are organized into three 
five-week periods, allowing classes to be concentrated at the beginning of the semester; 
the end of semester is for the most part devoted to project work. At the end of each five-
week period there is a week without classes, dedicated to various assessment activities. 
For the assessment of projects, there is a more extended assessment period at the end of 
the semester. 
 This approach has been on the field since 2001 [Oliveira 2006]. However, for 
institutional reasons concerning the way students accessed Higher Education in Portugal 
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at the time, there were no projects in the first year of the original curriculum, which 
consisted exclusively of autonomous courses. Internal evaluation outcomes [Oliveira 
2006], [Gil et al 2004] have indicated that students found it difficult to cope with the 
demands of project work dynamics, especially in the third semester. The need to 
develop group work, time managing and communication capabilities at the first year 
level became evident. Taking advantage of the formal adjustment to the Bologna 
process that took place in Portugal in 2006, two new TMs were introduced in the first 
year of the programme. The Electrical Circuits Thematic Module (ECTM), which will 
be discussed in the remaining part of this paper, was thus introduced in the second 
semester of the Electrical Engineering programme. One of the driving ideas behind the 
new first-year TMs is to incorporate a non-technical course within an otherwise 
technically oriented module, thus creating context, on the one hand, yet specifically 
dedicating teaching time to important transversal competences. 
 The next subsection will be dedicated to the description of the ECTM. 
1.2.  The Electrical Circuits Thematic Module 
The Electrical Circuits Thematic Module is made up of the Thematic Project in 
Electrical Circuits and two Associate Courses: Electrical Circuit Analysis (ECA) and 
Technical English (TE). This aggregation, besides allowing for further development of 
group work and project work capabilities, also aims at developing communication skills 
in the specific technical context of the programme, promoting the contextualized 
learning of English, i.e. learning that languages and communication depend on the 
context they occur in and the purposes they need to serve. These goals can only be 
achieved if the aggregation is translated into pedagogical practices, in common or 
articulated proposed learning activities. These articulated activities will be the object of 
this paper. 
 The intended Learning Outcomes for the ECTM are listed below. 
 At the end of the ECTM, the student is able to: 
• Analyze electric circuits using the fundamental empirical laws (Ohm and 
Kirchhoff's Laws); 
• When analyzing a circuit, select the most adequate technique and to justify 
his/her choice, also demonstrating the ability to combine techniques whenever 
necessary; 
• Conduct experimental measurements of the main electrical variables, using 
appropriate instruments and taking into account the associated measurement 
errors; 
• Interpret and justify results; 
• Read and interpret technical and scientific texts in English; 
• Write simple texts aiming at specific goals, and orally present his/her work; 
• Use ICTs for the validation of words and concepts, exploring resources such 
as: translation memories, dictionaries, glossaries and grammar books. 
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 Having Constructive Alignment [Biggs 1999] as a goal, it is essential to design 
strategies that promote the articulation of the intended learning outcomes with the 
proposed learning activities, and the assessment tasks. Section 2 will describe the 
strategies proposed for the ECTM, focusing on the integration between the Electrical 
Circuit Analysis and Technical English courses. 
2. Proposed Learning Activities 
In the context of ESTGA’s PBL environment, the use of active learning strategies in the 
classroom has always been strongly encouraged. Even in the original curriculum, in 
which Electrical Circuit Analysis and Technical English were autonomous courses, 
active learning strategies were already being employed. In the present setting, these 
activities have been diversified and articulated. 
 In the ECA’s classes, students work in small groups to tackle learning challenges 
proposed by the facilitators [Oliveira et al 2003a]. Usually, the activities proposed 
belong to one of the following categories: 
• Lecture: input from the teacher on a given subject. We try to keep lecturing to a 
minimum and, for effectiveness [Bligh 1998], in periods of no more than twenty 
to thirty minutes. Usually lecturing takes place when a new subject needs to be 
introduced, or when students require it, either explicitly or implicitly (for 
example, if a large number of students evince, at some point, that they are 
encountering the same difficulty). Lecturing can therefore happen almost 
randomly, which may be quite a challenge for the teachers involved. 
• Simple Problem-Solving: student groups are assigned problems that they are 
expected to solve by applying concepts and techniques. Usually, such problem 
solving happens after a period of lecturing in which a new subject has been 
introduced, or when several analysis techniques need to be compared. In this 
context, problem solving is a means of clarifying exposed or previously acquired 
knowledge [Woods 1991]. 
•  Problem-Based Learning: students are given small, open-ended problems that 
will challange them to learn throughout the process of unveiling a suitable 
solution. The work around these problems may occupy a longer period of time, 
usually a week, in which the groups are encouraged to work by themselves and 
may use any type of research materials, including the Internet. The teacher acts 
as a guide, suggesting few if any solutions, facilitating the students’ progress by 
asking exploratory questions that may help them in finding their way [Rogers 
1983], [Schön 1987]. Usually, the students are presented with two to three such 
problems every week, thus spending most of their time in this activity. 
• Small oral presentations to the class: the student groups are asked to present 
their solution to a problem. The presentations are followed by a short discussion 
on both the content of the presentation and of the presentation itself. This 
activity serves the purpose of promoting discussion of the solutions for the 
problem and the process by which they were generated [Weedon and Cowan 
2003]; these are also opportunities for students to think about [Cowan 1998], 
[Moon 1999], and hence learn how to prepare and deliver a small presentation. 
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Presentations usually happen once every week, at the beginning of a four-hour 
block. Both the presentations and the discussion have limited alloted time. 
 Because most available resources in the scientific area of ECA are in English, 
the potential for articulation with the TE course is evident. 
 Unlike most traditional approaches to the teaching of foreign languages, in the 
TE course hereby described, proposed classroom learning activities are based on the 
clear advantages suggested by theories defending functional [Eggins 1994], [Swales 
1991, 2000] and pragmatic [Bhatia 2004] perspectives. Since de-contextualized learning 
tends to result in shallower insights than contextualized learning situations perceived as 
relevant by the students, TE classes explore the subjects addressed in the ECA course, 
with the aim of developing the student’s ability to critically reflect upon his/her 
linguistic and communicative skills, and upon their own learning. Thus, the main goal 
of the course is to help students develop ways of analyzing how communication, in 
professional contexts, with specific intentions and communicational needs, can be 
organized and validated. Proposed learning activities are focused on establishing the 
context of language usage, allowing for the clarification of the grammatical and lexical 
choices for each purpose-specific communication event. The following aspects are of 
major importance in the proposed activities: 
• Challanged with a specific context and communicational need, students are 
invited to reflect on how to say what and why. The writing of a project progress 
report on performed laboratory experiments is a typical example of this type of 
activity. These activities allow students to clarify the goals, theories, methods 
and conclusions of their work, gaining a clearer understanding of why certain 
lexical-grammatical choices are preferred to others, and link those steps to the 
corresponding schematic structure of written and oral communication that will 
allow their supervisor to build a picture of what the students are doing. The 
importance of optimal technical communication becomes obvious, given that it 
is the basis for the supervisor’s assessment of the group’s work. 
• Textual typologies and professional competence: students reflect upon the 
internal structure of a report. A randomly chosen group of students is requested 
to present their views on the structure of technical reports. Since each group of 
students is developing a different project, at different paces, the choice to engage 
or not to engage with certain tasks raises doubts when students are confronted 
with their former perceived rigid communication structures, i.e., they become 
aware of the fact that those rigid structures may not fulfill their communication 
needs. Students are therefore driven to critically design diverse ways of 
conveying their message in such a way that their supervisor will recognize the 
validity of the form of communication chosen. They also become more aware 
that how they communicate may affect others’ perception and evaluation of their 
technical competence (and professional). 
• Problem-based learning: while embracing the challenge of promoting self-
directed learning, difficulties encountered by the students may become starting 
points for new learning experiences. When facing the challenge of how to say, 
students are forced to look for examples that are common within a community of 
specialists they are now joining. In this way, students are encouraged to look for 
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good communication practices within the community of specialists and to find 
ways of saying and doing that are understandable to those within their technical 
and scientific field. To pursue this goal, various tools and sources of information 
are made available to the students, while developing activities such as: using and 
building terminology data-bases, both in English and Portuguese; exploring 
suitable and valid data-bases for translation purposes between the two languages; 
exploring online linguistic tools (dictionaries, grammars, thesaurus, didactical 
games); analyzing the benefits and limitations of automatic translators; analyzing 
textual typologies associated with the specific scientific areas of the programme; 
verifying the function of concepts, terms, definitions, acronyms, abbreviations 
and examples of the way knowledge is organized in specialist texts, i.e., develop 
the notion that in a specialist text,  the goal usually consists in conveying the 
greatest amount of information possible using the minimum possible number of 
words; distinguishing between essential and secondary information (for instance, 
analyzing the abstract of a scientific paper); reading, analyzing a paper and 
drawing its conceptual map; exploring the alphabet for communication purposes 
in specialist contexts: catalogues, phone calls, and so forth; identifying the most 
common grammatical structures in technical and scientific texts and the 
reasoning behind their choice (for instance, in instruction manuals, or in factory 
and equipment signage); analyzing different texts on the same subject, but 
aiming at different target audiences. The overall goal is to show students that 
each communication event encompasses an intention that demands actions, and 
reactions (danger message, error message, report, and so forth). 
• Oral presentations to the class (and facilitators from both courses and/or project 
supervisors): the distinction between oral and written communication is also 
addressed in articulation with the ECA facilitators, with the purpose of 
evaluating the students’ communication skills in technical contexts. A better 
understanding of ECA subjects allows for reformulations of speech so as to 
improve the effectiveness with which the message is conveyed; it also allows 
students to better understand the direct relationship between language and 
content, never forgetting that the success of the communication process depends 
on both aspects. 
 Critical Thinking is transversely developed across the proposed activities, as a 
result of the facilitators’ and students’ teamwork, by exploring information validation 
tools and exposing students to multiple perspectives on the same situations and objects 
of study (intercultural communication). 
 From the above described set of proposed learning activities, the articulation 
between ECA, TE and the corresponding Thematic Project becomes apparent: the 
choice of functional texts, which are technical in essence and related to ECA subjects; 
the choice of analysis tools; the presentations, in which facilitators from both courses 
take part in. Besides all these aspects, students are also encouraged to write a summary 
of their final project report in English. Students may request help in analyzing any other 
text related to their project work, which may even be incorporated in the activities 
proposed for the overall class. 
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 The alignment cycle is closed by the choice of assessment tasks in which 
students are asked to demonstrate the achievement of the learning outcomes listed in 
Subsection 1.2., which have in turn been developed by means of the proposed learning 
activities previously described. In fact, some of these learning activities are also 
assessment tasks, which contribute to the assessment scheme (e.g. the oral presentations 
in the ECA course and some of the presentations in the TE course). 
3. Evaluation of the Experiment: First Results 
At the end of the semester, a formative illuminative evaluation activity [George and 
Cowan 1999] was conducted, in an attempt to gain a clearer insight of the impact of the 
experiment on students’ learning experience. Twenty students were asked to reflect on 
their learning experience within the articulation/integration context described in this 
paper and to list the three most positive aspects and the three less positive aspects of the 
experiment, from their point of view. The responses were then analyzed and 
categorized. Given the reduced number of valid responses (only 10), the results hereby 
presented should only be considered as initial formative findings, from which no 
summative conclusions can be drawn. 
 From the analyzed results of the evaluation activity, the following findings have 
emerged: 
• All students mention the greater exposition to the technical terminology of their 
field of study as a positive aspect of this development; 
• The focus on technical texts is also referred as a positive aspect by all students, 
although two of them also indicate, as a less positive aspect, the monotony of the 
themes addressed by the work texts; 
• Oral presentations are referred by 9 out of the 10 students as a very valuable 
activity; 6 of those students were specifically referring to the presentations of 
their project work, in which facilitators from both courses were involved; 
• Four students mention the writing of technical documents as a valuable and 
helpful activity; 
• In three of the answers, students indicate the lack of background in the use of the 
English language, and its grammar, as a less positive aspect; 
• In 7 of the valid answers, students listed no less positive aspects; 
• Three students used the open-comment space to express the opinion that their 
performance in the TE course may have been compromised because they were 
less proficient in the ECA subject matters. 
 These results indicate a positive reaction from the students, who value the 
proposed learning activities and the articulation between the two courses and the 
project. The courses’ interdependence may, however, generate some feelings of 
insecurity, since subject matters are no longer self-contained within each course, as 
traditionally expected by the students. 
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4. New Developments 
As a result of the accumulated experience in running this module and of the evaluation 
activity described, further developments are being introduced, also reflecting the desire 
to deepen the articulation between courses and project. These are: 
• In the ECA course, a new type of oral presentations has been introduced, in 
which students are invited to substitute the facilitator in some of the “lectures”. 
The available resources are in English, and they can be analyzed in the context 
of the TE classes. 
• Participation of facilitators from each of the courses in activities taking place in 
the other course classes has been increased, which in itself represents an 
articulation/integration effort. 
• In the context of the thematic project, besides the project report summary 
previously mentioned, students are now asked to prepare a poster presentation of 
their work, in English, in all similar to the process they would undergo in the 
preparation for an international conference. 
• TE facilitators will integrate the assessment panel of the thematic project. 
 
 The impact of these changes will be the object of future evaluation activities. 
The authors are confident that they will prove to be a step further in the true articulation 
of all the components of the Electrical Circuits Thematic Module. 
5. Conclusions 
Results obtained so far seem promising, although it is still too soon to draw summative 
conclusions based on those evaluation results. Effective integration of the aggregated 
curricular units provides the adequate context for the development of communicational 
skills in English, which, in turn, are unavoidable tools for the Electrical engineer. 
Student reactions are globally positive, although they tend to feel insecure, because of 
the lack of defined frontiers between the courses, which is a contrast to their previous 
learning experiences. Nevertheless, all students recognize the importance of 
communication skills and of the English language in their specific field of study, and the 
need to be able to express their technical competence effectively. 
 For the teachers involved in the process, this experiment has proved very 
interesting, demanding a high level of teamwork and integration effort, which goes 
against the tradition in Portuguese Higher Education (and elsewhere), but is definitely 
aligned with the challenges of the PBL model and the demands of the Bologna Process. 
Naturally, the integration effort is also quite time consuming. 
 The PBL environment creates favorable conditions for the development of such 
experiments, which may be hard to re-create. Nevertheless, the authors feel that with a 
fair amount of effort, the experiment may be generalized to other contexts and 
curriculum structures. 
 As a final remark, the authors strongly believe that the integration of a non-
technical course within the context of an otherwise technically oriented module, as a 
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way of specifically dedicating teaching time to important transversal competences, has 
proven valuable for the students, both in terms of their learning and in terms of their 
perception of the importance of the subjects addressed by those courses. Further 
evaluation of this experiment will also focus on this aspect of the development. 
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